Abstract. The article concerns a mathematical description of electric power in the case of two nonlinear receivers connected to a common supply network. This description was made on the basis of the fundamental CPC (Currents' Physical Components) power theory. This theory was developed for one nonlinear receiver. In the case of two nonlinear receivers of the same type, i.e. when the harmonics generated by them are created equal, the CPC theory requires some modification. This issue is important when it is necessary to determine the components of currents in an energy system supplying two nonlinear receivers.
Introduction
The power theory is a science that is in the area of interest of many researchers. Until today, there has been no universal power theory, one that would be correct for all the types of systems. A theory based on a description of components, dependent on physical quantities, which can be explained by appropriate phenomena, was presented by Czarnecki [1] . In [2] , the author presented a CPC theory for the case of a nonlinear receiver supplied with AC from a real source. This circuit is characterized by the transmission of harmonics that are generated by a nonlinear receiver. Then, taking into account the internal impedance of the source, these harmonics are transferred to other receivers.
Source with one harmonic
According to [2] , the energy phenomena accompanying the generation of harmonics by the receiver will further be marked with the "C" index (Customer load), and from the energy system, with the "D" index (Distribution system).
The considerations presented at this point will refer to the case when the nonlinear receiver is forced by a sinusoidal supply voltage with the fundamental frequency (n = 1), and a non-sinusoidal current waveform is a consequence of the phenomena occurring in the receiver [3] [4] [5] [6] [7] [8] [9] [10] [11] . The harmonics that belong to the N c group come from the nonlinear receiver. https://doi.org/10.1051/matecconf/201817809008 IManE&E 2018 The nonlinear receiver is a higher harmonic generator  (n) in the current i(t) [8, 9] . In addition, when the internal resistance of the source is different from zero (R D  0), these harmonics are also transferred to the u(t) voltage waveform. The set of harmonics which was created in the receiver in Figure 1 is denoted by N C and is a subset of all N harmonics.
For a resistive-type receiver, the i r reactive current component is equal to zero. Also, the scattering current component i s = 0, because the conductance of the receiver does not change with the frequency.
The active current component i a for the pulsation  1 depends from an effective value of the voltage source E D (1) , for the remaining pulsations  (n) (n  N C ) depends from the current
Therefore, the powers in this system, in accordance with the CPC theory, are equal: reactive power:
, and active power:
(
The active power are consists of two components:  P D -a component produced by the E D (1) voltage source and lost on the R C resistance of the receiver (the first component of Formula (1)), and  P C -a component produced by the J C(n) current source and lost on the R D resistance (the second component). The P D component has a positive value due to the energy flow from the source to the receiver, while the P C takes a negative value due to the change of the voltage sign U (n) caused by the change of the direction of the current in the R C resistance.
The presence of energy flowing in the opposite direction (from the receiver to the source, n  N C ) was proposed by Czarnecki to be considered as a separate physical phenomenon, one that requires a separate description [12] .
The energy returned to the source is useless for the power system, because this energy has pulsation other than  1 . This system is additionally occupied by a current with harmonics that are not used by the system. The transmission capacity of the network is smaller for the current with  1 pulsation.
A source with many harmonics
A case where a nonlinear receiver is powered from a real source with many harmonics is considered here. The set of harmonics marked with N D corresponds to the pulsations of the components that describe the energy which flows from systems D to C, while for N C the direction is opposite. Fig. 2 . A nonlinear receiver powered from a real source with many harmonics.
The active power associated with the energy flowing from the source to the receiver is the P D(n) positive power, and the negative power associated with the opposite direction is P C(n) . In the real measuring system, the active power sign can be determined based on the knowledge of the phase shift angle  (n) between the voltage and current harmonics:
When the active power P (n) for the n-th harmonic is positive, it should be assumed that it comes from the D system. In a situation where the E D and J C sources have the same harmonics, one should check the direction of the flowing energy, i.e. which source is dominant.
Analogously to the division of active power, a division of current and voltage should be made. These components, related to the flow of energy from the source to the receiver, are as follows:
While for the opposite direction:
This resulted in the distribution of variables into two subsets related to the direction of the flowing energy:
N C and N D sets are disjoint, so the above components are mutually orthogonal:
In [2] , Czarnecki conducted a circuit analysis from Figure 2 in accordance with the superposition principle, i.e. he considered two phenomena existing independently. For each of these cases, the complex value of voltage can be determined:
 the harmonics in the i C current caused by the J C source affect the Z D impedance only 
Equations (7) and (8) are correct for the different harmonics in the E D and J C sources. There may be a situation where the same harmonics will appear in the E D and J C sources. For example, this will be the case when two C1 and C2 nonlinear receivers (which produce the same harmonics) are connected to one D system (Fig. 3.a) . A set of N B harmonics has been introduced containing such harmonics that occur in both sources at the same time. For nN B harmonics, the actual direction of the flowing energy will depend from the fact as to which source is dominant. 
For the N B harmonics set, the direction of the flowing energy should be verified. This should be done based on Formula (2). Then, the n-th harmonics to the N DB or N CB set can be assigned.
According to the CPC theory, the i D current can be divided into the following components: active i a,D , scatter i s,D and reactive i r,D :
A comparison of Formulas (5) and (10) results in the following:
All these components are mutually orthogonal, so it is correct to write:
The power in this circuit requires knowledge of the energy properties of both the supplier and the recipient.
In this situation, the power equation takes the following form:
Where the active power is equal to:
The nonlinear receiver has been connected to the real source according to 
For the 1st harmonic, energy flows from D to C, thus Formula (8) shows:
For the 5th harmonic, the energy flow is opposite (from C to D), therefore, it follows from Formula (7): 
